Abstract. Effects of diflubenzuron (a chitin-synthesis inhibiting insecticide) application on diets of forest birds were evaluated in eastern West Virginia in 1986. Nine species of songbirds were collected from May through July from treated and untreated plots. Gut contents from each specimen were removed and 10 arthropod taxa were identified. The percentage biomass comprised by each food taxon and total gut biomass was determined for each specimen. The diets of five species were significantly different between treated and untreated plots. In general, biomass of Lepidoptera larvae was reduced and biomass of other orders (Homoptera, Diptera, Coleoptera, etc.) was greater at treated sites. In addition, two species displayed reduced total gut biomass at treated sites. These data show that while diflubenzuron is not directly toxic to vertebrates, birds are affected indirectly through reduced availability of Lepidoptera larvae. Birds possessed differing capabilities to compensate for these diflubenzuron-induced food reductions. Most birds adjusted by switching prey, while others consumed less food. Resident species experienced less impact than did migrants.
INTRODUCTION

Diflubenzuron (common name: Dimilin or 1-[4-chlorophenyll-3-[2,6-diflubenzoyl]
urea) is an insecticide widely used to control forest defoliating pests. In the eastern United States, it is applied in midspring to extensive areas of forest to slow the spread and reduce the extent of forest defoliation by gypsy moth (Lymantria dispar L.) larvae. In 1990, over 269,000 ha of forest were treated with diflubenzuron (US Forest Service 1990).
Diflubenzuron acts by inhibiting the synthesis of chitin, a primary component of the arthropod exoskeleton (Grosscourt and Jongsma 1987). Because mortality occurs when the insect molts, diflubenzuron is most effective against immature or larval insects and is generally not lethal to adult insects (Maas et al. 1981 ). The acute toxicity of diflubenzuron to birds and mammals is extremely low; the acute oral LD,, for Red-winged Blackbirds (Ageluiusphoeniceus) was reported as 3.8 g/kg body mass by Maas et al. (1981) . There is no evidence that diflubenzuron application has direct effects on avian populations (Richmond et al. 1979 Table 1 ) from interiors of treated and untreated plots. The gastrointestinal tract of each bird was extracted and injected with formalin to prevent digestion, then preserved in 75% ethanol. In the laboratory, gut contents were washed into a petri dish and analyzed under a dissecting microscope. Individual arthropods, usually fragmented, were pieced together until we accounted for all identifiable prey. The number of individual prey items per sample was determined in a manner similar to that described by Anthony and Kunz (1977). For each head capsule, pair of antennae, mandibles or eyes, six legs (or tarsi), or four wings (two for Diptera) encountered, only one prey item was counted. For example, a sample with one head capsule and eight legs was presumed to represent two prey items while a sample with three head capsules and eight legs was presumed to represent three prey items. All prey items were identified to order. Lengths of individual prey items were estimated by comparing characteristic body parts from diet samples to voucher specimens of known size. Biomass of prey items was determined using length-weight regressions (Sample et al. 1993 ). Total biomass of gut contents and percentage of total biomass each order of prey taxa represented were calculated for each bird.
Univariate factorial analyses of variance were performed on the total gut biomass for each bird species using PROC GLM (SAS Institute 1988). Because birds display seasonal dietary shifts (Cooper 1988) and to determine if diflubenzuron application affected these seasonal shifts, treatment, month (May, June, or July), and the interaction between treatment and month were the independent variables used in the analyses. May generally corresponds to territory establishment, mating, and egg laying, June with incubation and hatching, and July with fledging for most migratory species in our study area.
Multivariate analyses of variance were performed on the arcsine-transformed percentage biomass of each prey order in the diet of each bird species. To reduce the influence of minor prey orders, only those orders accounting for > 2% of the mean total biomass for each bird species were included in the MANOVA models. Differences were considered significant if P < 0.05.
Contribution of each prey order to significant multivariate dietary differences was evaluated by correlating canonical scores (eigenvector coefficients multiplied by original variable values) to the original variables. Mean canonical scores were calculated for each level of the effect variable, and the differences in the mean canonical scores were explained as functions of the original variables (Bray and Maxwell 1985).
RESULTS
Total biomass of gut contents was significantly reduced at treated plots for Worm-eating Warblers and Scarlet Tanagers and greater at treated plots for Cerulean Warblers (Table 1, Fig. 1 ). In addition, a significant month effect and treatment-by-month interaction were observed for Blue-gray Gnatcatchers and Cerulean Warblers, respectively. No other effects or interactions were significant for any other species.
Four species displayed significant multivariate treatment effects: Blue-gray Gnatcatchers, Redeyed Vireos, Cerulean Warblers, and Scarlet Tanagers (Table 1, Fig. 1 ). The treatment canonical variable for each species was negatively correlated with the biomass of Lepidoptera larvae consumed and positively correlated with at least one of the following: Araneae, Hemiptera, Homoptera, Coleoptera, adult Lepidoptera, or Diptera (Table 2) . For Scarlet Tanagers, the treatment canonical variable also was negatively correlated with the biomass of Orthoptera. Mean treatment canonical variable values for all four species were greater at treated sites (Table 2) indicating reduced consumption of Lepidoptera larvae (and Orthoptera for Scarlet Tanagers) and increased consumption of at least one ofthe other prey taxa among birds at treated sites.
All species except Red-eyed Vireos and Wormeating Warblers displayed significant multivar- Fig. 1 ). Among Eastern Wood-Pewees the interaction was explained by variation in the consumption of Diptera, adult and larval Lepidoptera, Coleoptera, and Homoptera (Fig. 1) . Variation in consumption of Diptera, Orthoptera, larval Lepidoptera, Coleoptera, and Homoptera dominated the treatment-by-month interactions for Blue-gray Gnatcatchers and Scarlet Tanagers (Fig. 1) . Ultimately, all responses of the birds to reduced abundance of Lepidoptera larvae entail an energetic cost. The energetic costs of a diflubenzuron-induced food reduction was evaluated by considering the fat reserves of birds from treated and untreated sites (Whitmore et al., in press ). Those data, collected concurrently with this study, indicated that all species, except Black-capped Chickadees and Tufted Titmice, displayed significantly reduced subcutaneous body fat levels at treated sites. By considering those data along with these diet data, responses of forest birds to the indirect effects of diflubenzuron begin to become evident.
DISCUSSION
One species, the Worm-eating Warbler, did not adjust to the reduced availability of their preferred food by switching to alternate prey. Although Greenberg (1987) The next group, consisting of Eastern WoodPewees, Blue-gray Gnatcatchers, Red-eyed Vireos, and Cerulean Warblers, was able to consume sufficient biomass of food by exploiting alternate prey types. However, either because of the reduced quality of food (i.e., higher chitin, lower fat content) or increased energy expended in search of food (larger territories or more time spent foraging), insufficient energy was obtained from the altered diet. Apparently as a result, the fat reserves of these species were reduced. Scarlet Tanagers were the most strongly affected species. In addition to shifting diet, they consumed less food and displayed reduced fat levels. The strong effect on this species may have resulted from foraging in the upper canopy (Maurer and Whitmore 198 1, Sabo and Holmes 1983) the portion of the forest where the greatest impact from aerial spraying would be expected. Also normal, seasonal, diet shifts by Scarlet Tanagers go from Lepidoptera larvae to Coleoptera and Orthoptera (Cooper 1988). Adult Coleoptera generally are not affected by diflubenzuron, and comprised a large portion of the Scarlet Tanager diets in treated areas in this study. Orthoptera, however, are affected by diflubenzuron (Martinat et al. 1988 ). Thus, two important prey taxa of Scarlet Tanagers (Orthoptera and Lepidoptera larvae) were reduced in abundance, whereas only one was reduced for most other bird species.
There were no dietary differences between treatments for Pine Warblers, and birds at treated and untreated sites consumed the same biomass of prey. However, fat reserves were reduced at treated sites (Whitmore et al., in press). Diets in both treated and untreated areas contained large percentages of caterpillars. Perhaps Pine Warblers expended more energy to locate this relatively rare prey item on treated plots.
The last two species, Black-capped Chickadees and Tufted Titmice, experienced little effect from diflubenzuron application. There are several factors that may contribute to the minimal effect experienced by these species. First, both species forage primarily by gleaning prey from substrates without flying (Robinson and Holmes 1990 ). Even after a harsh winter, they will have had more time to restore depleted fat reserves than migrants. They, therefore, may start the breeding season in better condition (i.e., with greater fat reserves) than the migrants. Also, both species may be more familiar with habitat and locations where food may be available than would the other, migratory species.
Another factor may be that many parids, including Black-capped Chickadees and Tufted Titmice, cache food (Sherry 1989) . Stored food (seeds and invertebrates) may permit these small birds to access a greater proportion of the available food before being displaced by larger birds. Storing food may also serve to reduce the effects of dilhtbenzuron-induced food reductions.
A growing body of knowledge indicates that while diflubenzuron is not directly toxic, its application for gypsy moth control indirectly affects birds by reducing food availability. While reproduction in birds may be limited by food availability (Martin 1987) , effects on avian reproduction resulting from diflubenzuron application have not yet been documented (Richmond et al. 1979 , DeReede 1982 , Shearer 1990 ). However, reproductive effects have been shown for Bacillus thuringiensis (Bt), a gypsy moth control agent that, like diflubenzuron, is lethal primarily to Lepidoptera larvae and has low vertebrate toxicity (DuBois and Lewis I98 1). Rodenhouse and Holmes (1992) observed that abundance and biomass of Lepidoptera larvae were reduced following Bt application. They also showed that Black-throated Blue Warblers (Dendroica caerulescens) in treated areas made fewer nesting attempts and nestlings were fed fewer Lepidoptera larvae.
If temperate deciduous forest birds are generally food limited (Holmes et al. 1986 ) factors such as insecticide application that reduce food availability could be detrimental to their populations. More research is needed to determine if the indirect impacts of diflubenzuron on avian diets translates into effects on reproductive success.
